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CLL

:   chronic lymphocytic leukemia

CSU‐CI

:   Colorado State University‐Clinical Immunology

DN

:   double negative

FeLV

:   feline leukemia virus

IG

:   immunoglobulin

IGH‐VDJ

:   immunoglobulin heavy chain variable (V)‐diversity (D)‐joining (J) gene rearrangement

IMHA

:   immune‐mediated hemolytic anemia

IQR

:   interquartile range

LGL

:   large granular lymphocytic

MST

:   median survival time

PARR

:   PCR for antigen receptor rearrangements

PBMC

:   peripheral blood mononuclear cells

PE

:   physical examination

TRG

:   T‐cell receptor gamma

1. INTRODUCTION {#jvim15650-sec-0007}
===============

Lymphocytosis is relatively common in cats, but few studies have examined its flow cytometric features. Lymphocytosis may be attributed to non‐neoplastic or neoplastic processes. Our goals were to determine how frequently lymphocytosis in cats is neoplastic, and among cases of neoplastic lymphocytosis, the utility of flow cytometry to characterize clinically relevant phenotypes.

Few studies have described non‐neoplastic expansions of peripheral lymphocytes in cats, which may be attributed to physiologic or inflammatory processes. Absolute lymphocytosis has been documented with a number of infections, including *Cytauxzoon felis, Toxoplasma gondii, Aelurostrongylus abstrusus, Leishmania infantum, Mycoplasma haemofelis, Bartonella henselae*, feline leukemia virus (FeLV), and feline immunodeficiency virus.[1](#jvim15650-bib-0001){ref-type="ref"}, [2](#jvim15650-bib-0002){ref-type="ref"}, [3](#jvim15650-bib-0003){ref-type="ref"}, [4](#jvim15650-bib-0004){ref-type="ref"}, [5](#jvim15650-bib-0005){ref-type="ref"}, [6](#jvim15650-bib-0006){ref-type="ref"}, [7](#jvim15650-bib-0007){ref-type="ref"}, [8](#jvim15650-bib-0008){ref-type="ref"}, [9](#jvim15650-bib-0009){ref-type="ref"} Peripheral lymphocytosis was reported in several studies of primary immune‐mediated hemolytic anemia (IMHA), and bone marrow lymphoid hyperplasia has been described in IMHA and pure red cell aplasia cases.[10](#jvim15650-bib-0010){ref-type="ref"}, [11](#jvim15650-bib-0011){ref-type="ref"}, [12](#jvim15650-bib-0012){ref-type="ref"}, [13](#jvim15650-bib-0013){ref-type="ref"}, [14](#jvim15650-bib-0014){ref-type="ref"} Hyperthyroidism and treatment with carbimazole or methimazole were reported to result in lymphocytosis in a small subset of cats.[15](#jvim15650-bib-0015){ref-type="ref"}, [16](#jvim15650-bib-0016){ref-type="ref"}, [17](#jvim15650-bib-0017){ref-type="ref"} Lymphocytosis also was present in a small number of cats with hypoadrenocorticism.[18](#jvim15650-bib-0018){ref-type="ref"}, [19](#jvim15650-bib-0019){ref-type="ref"}

Lymphocytosis attributed to a neoplastic process may be seen in cases of leukemia or cases of lymphoma with circulating neoplastic lymphocytes. Clinical findings and outcome have been reported for 18 cats with clinically defined chronic lymphocytic leukemia (CLL).[20](#jvim15650-bib-0020){ref-type="ref"} Chronic lymphocytic leukemia was defined as \>9000 small, mature lymphocytes/μL with flow cytometry or polymerase chain reaction (PCR) for antigen receptor rearrangements (PARR) confirmation or both and evidence of a peripheral cytopenia or \>15% lymphocytes in the bone marrow or both. Almost all these cats had an expanded T‐cell population (17/18), and most (16/17) were of CD4+ T‐cell origin.[20](#jvim15650-bib-0020){ref-type="ref"} The clinical course appeared relatively indolent with most cats treated with prednisone and chlorambucil. Six cases of acute lymphoblastic leukemia were described in cats, diagnosed based on the percentage of blasts and concurrent cytopenias, and found a short median survival (55 days).[21](#jvim15650-bib-0021){ref-type="ref"} Immunophenotyping by PARR, flow cytometry, immunohistochemistry, or some combination of these identified 4 cases as B‐cell lineage and 1 case as T‐cell lineage, and 1 case expressed B‐cell and T‐cell antigens. The frequency with which cats develop peripheral lymphocytosis secondary to lymphoma is unclear, because many case series of lymphoma in cats do not specifically discuss peripheral lymphocyte counts. In 3 studies representing several forms of lymphoma, small numbers of cases had high peripheral lymphocyte counts, reaching 78 600 cells/μL.[22](#jvim15650-bib-0022){ref-type="ref"}, [23](#jvim15650-bib-0023){ref-type="ref"}, [24](#jvim15650-bib-0024){ref-type="ref"} Several studies have shown that large granular lymphocytic (LGL) lymphoma can have circulating neoplastic lymphocytes, but a recent large study suggests absolute lymphocytosis is not common with this subtype.[25](#jvim15650-bib-0025){ref-type="ref"}, [26](#jvim15650-bib-0026){ref-type="ref"}, [27](#jvim15650-bib-0027){ref-type="ref"}, [28](#jvim15650-bib-0028){ref-type="ref"}

Our experience is that cats present more commonly with ≥2 expanded subsets of peripheral lymphocytes than do dogs. How often these cases are non‐neoplastic in nature has not been determined, and in cases where the cells are neoplastic, the prognostic value of immunophenotyping is unclear. We performed a retrospective study to examine the range of phenotypes in cats presenting with lymphocytosis without any a priori definitions of disease. We examined clonality, clinical presentation, and outcome on a subset of cases.

2. MATERIALS AND METHODS {#jvim15650-sec-0008}
========================

2.1. Study population {#jvim15650-sec-0009}
---------------------

A retrospective study was performed using feline blood samples submitted to the Colorado State University‐Clinical Immunology (CSU‐CI) laboratory for immunophenotyping by flow cytometry. All cats included in the study were older than 1 year of age and had \>6000 lymphocytes/μL (the upper limit of the lymphocyte reference interval for cats at our institution). Three cohorts of patients were examined for different components of this study: (i) definition cohort; (ii) outcome cohort; and (iii) concordance cohort.

### 2.1.1. Definition cohort {#jvim15650-sec-0010}

An initial study population of 146 cats was examined to define immunophenotypic categories. This population included all cats that had both flow cytometry and PARR performed on blood samples submitted between October 24, 2014, and November 16, 2017. In some cases (25%), concurrent flow cytometry and PARR were requested by the veterinarian at the time of submission, but in many cases, PARR (75%) was performed after an equivocal flow cytometry result.

### 2.1.2. Outcome cohort {#jvim15650-sec-0011}

A separate study population of 94 cats with outcome data was examined, which included cats that had immunophenotyping on blood performed between July 12, 2006, and April 20, 2010. Veterinary clinics were contacted for medical records and clinical data were collected by reviewing records. All cats included in this cohort had persistent or recurrent lymphocytosis as described above identified on ≥2 separate CBCs.

### 2.1.3. Concordance cohort {#jvim15650-sec-0012}

A third study population of 350 cats was examined to determine the prevalence of immunophenotypes in a larger cohort of animals and to determine whether the outcome cohort was representative of a larger population. This population included all cats that had blood samples submitted for flow cytometry between January 1, 2017, and December 1, 2017.

2.2. Clinical variables {#jvim15650-sec-0013}
-----------------------

For all samples, signalment, physical examination (PE) findings, and laboratory findings were provided by the submitting veterinarian on the standard CSU‐CI laboratory submission form. Complete blood count data from the time of submission were used to identify hematologic abnormalities. Anemia was defined as a hematocrit \<28%, thrombocytopenia by a platelet total \<200 000/μL with no clumps noted, and neutropenia as \<2000 neutrophils/μL.

Additional information was gathered for the 94 cats in the outcome cohort. Medical records were provided by the submitting veterinarians, which represented non‐referral and referral clinics distributed across 24 states. Clinical signs and concurrent diseases were abstracted from the medical history. Lymph nodes, spleen, liver, and intestine were considered abnormal if enlargement, masses, or thickening were identified by palpation, ultrasound examination, or radiology. Overall survival was calculated from the time of flow cytometry submission, because this date was available for all cases, to the time of death due to any cause. In many cases, the exact cause of death was not known. Overall survival additionally was calculated from the date of onset of lymphocytosis, but this information was not available for all cases. Cats alive at the time of data collection or lost to follow‐up were censored at the last date of contact.

2.3. Flow cytometry {#jvim15650-sec-0014}
-------------------

Flow cytometry was performed on blood samples as detailed in the Supporting Information, using a panel consisting of antibodies recognizing canine CD21, canine CD18, and feline CD5, CD4, and CD8. Total cell counts were determined for CD4+ T cells, CD8+ T cells, total CD5+ T cells, and CD21+ B cells by multiplying the percentage of each subset within the gated lymphocyte population by the total lymphocyte count on the CBC. Subset cell counts for each case were compared to internally generated reference intervals to identify subset expansions. Our laboratory reference interval upper limits for feline blood are 3300 CD4+ T cells/μL, 1800 CD8+ T cells/μL, 5400 CD5+ T cells/μL, and 1700 CD21+ B cells/μL. The percentage of CD4−CD8− T cells was calculated by determining the percentage of CD5+ T cells that did not express CD4 or CD8 antigens. Among 10 control cats with normal peripheral lymphocyte counts and no histologic or flow cytometric evidence of lymphoproliferative disease, the median percentage of CD4−CD8− T cells was 22.6% (median total count, 269 cells/μL), suggesting minor populations of CD4−CD8− T cells are not uncommon in healthy cats.

2.4. PCR for antigen receptor rearrangements {#jvim15650-sec-0015}
--------------------------------------------

Polymerase chain reaction for antigen receptor rearrangements was performed on DNA extracted from blood samples, as previously described,[29](#jvim15650-bib-0029){ref-type="ref"} to assess clonality of immunoglobulin (IG) and T‐cell receptor gamma (TRG) gene rearrangements. All 146 cases in the definition cohort and a subset of cases in the outcome cohort had PARR with primers targeting complete IG heavy chain V‐D‐J (IGH‐VDJ) and TRG gene rearrangements. A subset of cases in the definition cohort with B‐cell expansions had expanded PARR targeting additional IG gene rearrangements: incomplete immunoglobulin heavy chain diversity (D)‐joining (J) gene rearrangements, kappa deleting element rearrangements, and IG lambda light chain rearrangements.

We previously determined that our IGH‐VDJ PARR reaction only detected 50% of feline B‐cell neoplasms, but targeting additional IG gene rearrangements increased B‐cell PARR sensitivity from 50% to 87%.[29](#jvim15650-bib-0029){ref-type="ref"} The sensitivity of our TRG PARR primers to detect clonality in T‐cell neoplasms was 97%.

2.5. Statistical analysis {#jvim15650-sec-0016}
-------------------------

For all cases in the outcome cohort, continuous (age, cell counts) and categorical variables were summarized and descriptive statistics calculated. Cats in each immunophenotypic category were compared. For continuous variables, an omnibus Kruskal‐Wallis test was calculated; if significant, Dunn\'s test subsequently was calculated. For categorical variables, Fisher\'s exact test was used with subsequent pairwise tests if significant. Individuals with missing or unknown data were excluded from analysis. Log‐rank tests were used to compare survival of the immunophenotypic categories from the time of flow cytometry, adjusting for multiple comparisons. Survival also was calculated using the date of lymphocytosis onset as a sensitivity analysis. Among CD4+ T‐cell cases, a log‐rank test was used to determine whether age, sex, hematologic variables, PE findings, and treatment affected survival time. Multivariable survival analysis was not performed because of inadequate sample size. Continuous risk factors were categorized into groups above and below the median for survival analysis. Treatment protocols were variable across cases, and thus treatment was categorized as (i) none; (ii) PO: corticosteroid, chlorambucil, or both; (iii) injectable/multi‐agent chemotherapy: single‐agent injectable chemotherapy, or multi‐agent chemotherapy. Corticosteroid treatment included prednisone or prednisolone, and in many cases, it was not clear which of these 2 drugs was used. Corticosteroid only and corticosteroid/chlorambucil combination treatment were combined for analysis because there was no difference in outcome between these groups. Phenotype distribution, age, sex, hematologic variables, and PE findings were compared between the outcome and concordance cohorts using Fisher\'s exact and Kruskal‐Wallis tests. All statistical analysis was performed in R version 3.3.2, and a *P*‐value \<.05 was considered significant.

3. RESULTS {#jvim15650-sec-0017}
==========

3.1. Flow cytometric characterization {#jvim15650-sec-0018}
-------------------------------------

One hundred forty‐six cases (definition cohort) with flow cytometry and PARR results were reviewed to define phenotypic categories. Cases with sole subset expansions of CD21+ lymphocytes were classified as B cell, of CD8+ T cells as CD8+ T cell, and of CD4+ T cells as CD4+ T cell. When ≥2 of the subsets were expanded, the case was classified as heterogeneous. Cases in which CD4−CD8−CD5+ T cells made up ≥50% of all CD5+ T cells were classified as double negative (DN) T cell. Cases with low surface expression of the CD5 antigen by flow cytometry were classified as CD5 low T cell. Expression of CD5 was considered low if the fluorescence intensity of the entire T‐cell population was contained in the second decade on a log scale, rather than the third decade (Figure [1](#jvim15650-fig-0001){ref-type="fig"}). As described below, low CD5 expression was associated with poor outcome, and any case with low CD5 expression was classified as CD5 low T cell, regardless of whether there was a concurrent CD21+ B‐cell expansion. Additionally, there was no difference in clinical presentation or overall survival based on CD4 or CD8 antigen expression within the CD5 low T‐cell group, and these cases were grouped together for the study.

![Representative flow cytometry plots from blood comparing normal CD5 expression (A) to low CD5 expression (B). Flow cytometry plots from a heterogeneous case with normal CD5 expression (A) and a CD5 low T‐cell case (B) are presented. Size plots (left) with forward scatter on the horizontal axis and side scatter on the vertical axis show CD18^high^ cells (neutrophils, monocytes) in pink, CD5+ T‐cells in green, and CD21+ B‐cells in blue. Fluorescence dot plots (right) demonstrate the level of CD5 expression on the horizontal axis. Cases were classified as CD5 low T cell when the entire neoplastic T‐cell population was situated in the second decade (10^0^‐10^1^) (B, right). Nonviable cells and platelets are excluded from analysis by propidium iodide staining and CD61 expression, respectively (not shown)](JVIM-34-105-g001){#jvim15650-fig-0001}

3.2. Clonality {#jvim15650-sec-0019}
--------------

The PARR results were available for all 146 cats in the definition cohort. The majority of CD4+ T‐cell cases (86%), DN T‐cell cases (71%), and CD5 low T‐cell cases (86%) had clonal TRG rearrangements, indicating a neoplastic process (Figure [2](#jvim15650-fig-0002){ref-type="fig"}). Half of the CD8+ T‐cell cases had a clonal TRG rearrangement and half were polyclonal, suggesting the CD8+ T‐cell phenotype may be seen with neoplastic and non‐neoplastic processes, although the overall frequency of this phenotype was quite low. The 3 clonal CD8+ T‐cell cases had higher proportions of CD8+ T cells in the lymphocyte population (\>80%), compared to non‐clonal CD8+ T‐cell cases (44%‐63%), suggesting the proportion of CD8+ T cells may be useful in predicting clonality. The majority of B‐cell cases (94%) and heterogeneous cases (73%) had polyclonal TRG rearrangements.

![Polymerase chain reaction for antigen receptor rearrangements (PARR) results for 146 cats with different immunophenotypes. The percent of cases with a clonal T‐cell receptor gamma (TRG) (blue), clonal immunoglobulin (IG) (red), or polyclonal rearrangements (gray) within a phenotypic group are depicted. The total number of cases (n) in each phenotypic group is provided. Of note, 81% of cases in the combined CD5 low T‐cell, DN T‐cell, and CD4+ T‐cell groups had clonal TRG gene rearrangements; 50% of the CD8+ T‐cell cases were clonal; 71% of heterogeneous and 89% of B‐cell cases had polyclonal IG and TRG gene rearrangements](JVIM-34-105-g002){#jvim15650-fig-0002}

All 146 cats in the definition cohort had IG PARR with IGH‐VDJ primers. All CD4+ T‐cell cases, DN T‐cell cases, and CD5 low T‐cell cases had polyclonal IG rearrangements. One B‐cell case and 1 heterogeneous case had clonal IG rearrangements with IGH‐VDJ primers. We performed expanded PARR using additional IG primer sets in 92 of 98 B‐cell and heterogeneous cases where DNA was still available. The 2 clonal IG cases originally detected remained clonal, and 1 new clonal B‐cell case was detected with kappa deleting element primers. Overall, only 2 of 46 B‐cell cases and 1 of 52 heterogeneous cases had a clonal IG rearrangement (Figure [2](#jvim15650-fig-0002){ref-type="fig"}). One clonal B‐cell case had 30 535 CD21+ cells/μL and histologic confirmation of lymphoma in the spleen, kidney, intestine, and liver. The second B‐cell case had 9812 CD21+ cells/μL with splenomegaly, anemia, and thrombocytopenia, and lymphocytes were large‐sized with prominent nucleoli. The clonal heterogeneous case had abdominal lymphadenopathy and 63 754 CD21+ cells/μL, which were aberrant with decreased CD18 expression by flow cytometry. All B‐cell cases with polyclonal IG rearrangements had \<20 000 CD21+ cells/μL, except for 1 case which had 39 700 CD21+ cells/μL with marked neutrophilia (37 000/μL), mild monocytosis, and moderate eosinophilia.

Two types of cases posed a challenge for classification: (i) cases with heterogeneous expansions, where the magnitude of the CD4+ T‐cell expansion was substantially larger than the B‐cell expansion and (ii) cases with DN T‐cell expansions of small magnitude. In these 2 types of cases, clonality results were used to help refine classification criteria to better segregate non‐neoplastic from neoplastic phenotypes. First, a substantial number of cases (n = 31) had dual expansions of CD4+ T cells and CD21+ B cells. A clonal TRG rearrangement was detected in all cases where the CD4:CD21 lymphocyte ratio was \>4 (Figure [3](#jvim15650-fig-0003){ref-type="fig"}A). Therefore, cases with this ratio subsequently were classified as CD4+ T cell. Clonal TRG rearrangements also were detected in some cases where the CD4:CD21 lymphocyte ratio was \<4, but the majority were polyclonal. Therefore, cases with this ratio were put in the heterogeneous group, because it was deemed less harmful to conservatively classify a clinical case as heterogeneous (with a recommendation for PARR confirmation) than to commit it to a neoplastic category of CD4+ T‐cell. Among the heterogeneous cases with CD4:CD21 ratio \< 4, the clonal cases were significantly older than the non‐clonal cases (*P* \< .001). Six of 7 clonal cases were \>7 years old, whereas 17 of 19 non‐clonal cases were \<7 years old, suggesting age may be useful in predicting clonality for these cases. All the normal cats used to generate reference intervals had a CD4:CD21 ratio \< 1.8. All the cases diagnosed with CD4+ T‐cell lymphocytosis in our study had a CD4:CD21 ratio \>4. Second, cases in which ≥50% of the CD5+ T cells expressed neither CD4 nor CD8 antigens were classified as DN T cell. Ten of 14 DN T‐cell cases (71%) had a clonal TRG (Figure [3](#jvim15650-fig-0003){ref-type="fig"}B) consistent with a neoplastic process. The majority (82%) of cases with 20%‐50% DN T cells, similar to what we documented in control cats, had polyclonal TRG rearrangements, indicating that cats can have up to 50% DN T cells with non‐neoplastic processes.

![CD4 T‐cell:CD21 B‐cell ratios (A) and DN T‐cell percentages (B) correlated with polymerase chain reaction for antigen receptor rearrangements (PARR) results for cases with flow cytometry and PARR results. These results were used to define flow cytometry phenotypic categories. Cases are colored blue if the sample had a clonal T‐cell receptor gamma (TRG) rearrangement by PARR and orange if TRG rearrangements were polyclonal. A, The CD4 T‐cell:CD21 B‐cell ratio is plotted for cases in the heterogeneous and CD4+ T‐cell groups with dual expansions of CD4+ T cells and CD21+ B cells. Using a ratio of \>4 to place cases in the CD4+ T‐cell group, all CD4+ T‐cell cases have a clonal TRG gene rearrangement. Cases within the gray zone, with a ratio between 1 and 4, are comprised of mixed polyclonal (57%) and clonal (43%) TRG results. Eleven of 12 (92%) heterogeneous cases with a CD4:CD21 ratio \< 1 were polyclonal. B, The percentage of CD5+ T cells expressing neither CD4 nor CD8 antigens (termed DN T cells) is plotted for cases in heterogeneous, B‐cell, and DN T‐cell groups with \>20% DN T cells. Cases with ≥50% DN T cells are classified as DN T cell and 10 of these 14 (71%) cases have a clonal TRG. Cases in the gray zone with 20%‐50% DN T cells had predominantly polyclonal PARR results. Cases with 20% DN T cells were used as the lower threshold of the gray zone because healthy control cats without lymphocytosis had 20%‐25% DN T‐cells. DN, double negative](JVIM-34-105-g003){#jvim15650-fig-0003}

3.3. Clinical presentation {#jvim15650-sec-0020}
--------------------------

Ninety‐four cats in the outcome cohort were classified into the immunophenotypic categories determined in the definition cohort. Thirty‐nine percent of cases were classified as CD4+ T cells, 18% as heterogeneous, 16% as B cells, 13% as CD5 low T cells, 7.4% as DN T cells, and 5.3% as CD8+ T cells. One case had a homogeneous expansion of CD4+CD8+ T cells, but this phenotype was not seen in any of the other cases in our study, and so this phenotype was not defined as a category and this case was excluded from further analysis. Clinical data for the phenotypic groups are summarized in Table [1](#jvim15650-tbl-0001){ref-type="table"}.

###### 

Signalment, hematologic findings, and physical examination findings for 93 cats with lymphocytosis in the outcome cohort

                                                   Heterogeneous (n = 17)   B cell (n = 15)                             CD8 T cell (n = 5)   CD4 T cell (n = 37)   DN T cell (n = 7)   CD5 low T cell (n = 12)                                                                                                      
  ------------------------------------------------ ------------------------ ------------------------------------------- -------------------- --------------------- ------------------- ------------------------- ---- ------------------ ------ ------------------- ---- ------------------ --- --- ------ ---- --- ------
  **Signalment**                                                                                                                                                                                                                                                                                                    
  Male                                             17                       6                                           35.3                 15                    7                   46.7                      5    3                  60.0   37                  17   45.9               7   2   28.6   12   8   66.7
  Female                                           17                       11                                          64.7                 15                    8                   53.3                      5    2                  40.0   37                  20   54.1               7   5   71.4   12   4   33.3
  Age, Median (IQR), y                             17                       5.0 (2.9‐8.9)                               15                   8.8 (3.5‐13.1)        5                   13.8 (8.3‐17.8)           37   12.4 (10.5‐14.8)   7      13.3 (11.5‐14.4)    12   13.8 (9.7‐16.1)                            
  **Hematologic findings**                                                                                                                                                                                                                                                                                          
  Lymphocyte total, Median (IQR), ×10^3^/μL        17                       16.0 (12.2‐19.5)                            15                   11.1 (8.5‐14.9)       5                   8.9 (6.7‐14.6)            37   28.8 (10.9‐43.5)   7      39.4 (24.5‐132.0)   12   46.6 (18.2‐64.5)                           
  Anemia (Hematocrit \<28)                         17                       4                                           23.5                 15                    6                   40.0                      5    1                  20.0   36                  10   27.8               7   3   42.9   12   4   33.3
  Thrombocytopenia (\<200 000/μL without clumps)   16                       2                                           12.5                 15                    4                   26.7                      5    0                  0.0    36                  9    25.0               7   3   42.9   12   6   50.0
  Neutropenia (\<2000/μL)                          17                       1[a](#jvim15650-note-0003){ref-type="fn"}   5.9                  15                    0                   0.0                       5    0                  0.0    37                  2    5.4                7   0   0.0    12   2   16.7
  **Physical examination and imaging findings**                                                                                                                                                                                                                                                                     
  Peripheral lymphadenopathy                       15                       1                                           6.7                  13                    1                   7.7                       4    0                  0.0    32                  2    6.3                7   0   0.0    11   2   18.2
  Hepatic abnormalities                            14                       2                                           14.3                 13                    4                   30.8                      4    0                  0.0    27                  4    14.8               6   1   16.7   9    2   22.2
  Splenic abnormalities                            14                       2                                           14.3                 13                    5                   38.5                      4    0                  0.0    30                  12   40.0               5   4   80.0   10   3   30.0
  Abdominal lymphadenopathy                        11                       6                                           54.5                 12                    3                   25.0                      3    2                  66.7   28                  18   64.3               7   5   71.4   10   4   40.0
  Intestinal thickening/mass                       12                       6                                           50.0                 12                    0                   0.0                       4    2                  50.0   26                  12   46.2               7   4   57.1   10   4   40.0

*Note*: For all variables except age and lymphocyte count, the number of cases with the particular finding is reported (n), as well as the percent of cases affected among those where data is available within that phenotypic category (%). For age, the median age at diagnosis (in years) and the interquartile range (IQR) are reported for each phenotypic category. For lymphocyte count, the median total lymphocyte count at the time of flow diagnosis (×10^3^/μL) and the IQR are reported. The reference intervals used to determine anemia, thrombocytopenia, and neutropenia are provided. Hepatic and splenic abnormalities included diffuse enlargement, mass effects, or changes in ultrasonographic echogenicity by physical examination, imaging, or both. Intestinal thickening or masses were determined by physical examination, imaging, or both.

This patient was pancytopenic and positive to feline leukemia virus.

Overall median age for cats in the outcome cohort was 11.5 years (interquartile range, \[IQR\], 8.6‐14.4; range, 1.0‐20.7). The median age for heterogeneous and B‐cell cases was 5.0 and 8.8 years, respectively, whereas the median age was \>12.0 years for each of the other groups (Figure [4](#jvim15650-fig-0004){ref-type="fig"}A). Heterogeneous and B‐cell groups were significantly younger than the neoplastic groups (CD4+ T cell, DN T cell, CD5 low T cell; *P* \< .03 for each comparison). Fifty‐three percent of all cases were female, and 47% were male. There was no significant difference in sex between the groups. Breed was reported for 93 cats with 14 breeds represented. Most cats across all groups were domestic shorthair, followed by domestic longhair; remaining breeds were represented in small numbers.

![Age (years) (A) and presenting lymphocyte total (lymphs/μL) (B) at time of flow diagnosis for 93 cats by phenotypic group. The median and IQR values for each group are depicted. A, Cats in the heterogeneous group were significantly younger than cats in all 4 of the T‐cell groups (*P* \< .02 for each comparison). B‐cell cases were significantly younger than CD4+ T‐cell cases (*P* = .01), DN T‐cell cases (*P* = .03), and CD5 low T‐cell cases (*P* = .01). B, The lymphocyte count was significantly lower in the B‐cell cases and CD8+ T‐cell cases compared to CD4+ T‐cell cases, DN T‐cell cases, and CD5 low T‐cell cases (*P* \< .01 for all comparisons). Additionally, heterogeneous cases had lymphocyte counts significantly lower than DN T‐cell cases (*P* = .006) and CD5 low T‐cell cases (*P* = .008). Significant differences are indicated with an asterisk; \**P*‐value \< .05. DN, double negative](JVIM-34-105-g004){#jvim15650-fig-0004}

The median lymphocyte count at the time of flow diagnosis for heterogeneous and B‐cell cases was 16 000/μL and 11 100/μL, respectively (Figure [4](#jvim15650-fig-0004){ref-type="fig"}B). Median lymphocyte counts ranged from 28 800/μL to 46 600/μL among CD4+ T‐cell, DN T‐cell, and CD5 low T‐cell groups. The B‐cell cases had significantly lower counts than did the neoplastic T‐cell groups (*P* \< .01 for each comparison), and heterogeneous cases had significantly lower counts than DN and CD5 low T‐cell cases (*P* = .006 and *P* = .008, respectively). Anemia was present in 30% of cases and generally was mild, with a median hematocrit in anemic patients of 24% (IQR, 20‐26; range, 5‐27). Thrombocytopenia was present in 26% of cases. There was no significant difference in anemia or thrombocytopenia among groups. Neutropenia was rare (5.3% of cases, n = 5), and the total neutrophil count was not significantly different among groups. Hypercalcemia was rare, affecting 1 B‐cell case and 1 CD4+ T‐cell case. Hyperglobulinemia also was rare, affecting 2 heterogeneous cases and 1 DN T‐cell case, and serum protein electrophoresis was not performed.

Incidence of peripheral lymphadenopathy, hepatic abnormalities, splenic abnormalities, and abdominal lymphadenopathy was not significantly different among immunophenotypic groups. Intestinal thickening or masses were detected in 39% of cases, and B‐cell cases had significantly less intestinal involvement (none affected) than did all other categories (*P* = .03). Additionally, B‐cell cases (13% affected) had significantly less vomiting or diarrhea reported compared to CD4+ T‐cell cases (62% affected; *P* \< .001), DN T‐cell cases (57% affected; *P* = .02), and CD5 low T‐cell cases (33% affected; *P* = .02). Five cats had gastrointestinal histology performed: 3 CD4+ T‐cell cats were diagnosed with intestinal lymphoma, 1 heterogeneous case had lymphoplasmacytic and eosinophilic enteritis, and 1 CD8+ T‐cell case had lymphocytic gastritis with associated helicobacter organisms.

Concurrent diseases were evaluated for B‐cell and heterogeneous cases. Two B‐cell cases and 1 heterogeneous case were positive for FeLV. One B‐cell case was infected with *C felis* and 1 had a *M haemofelis* infection recognized after flow cytometry diagnosis. One heterogeneous case had systemic cryptococcosis. Three cats in this B‐cell/heterogeneous group were diagnosed with IMHA. Other diseases affecting this group included hyperthyroidism (n = 2), pancreatitis (n = 2), urinary disease (n = 3), asthma or allergic disease (n = 2), inflammatory bowel disease (n = 2), and non‐lymphoid neoplasia (n = 1). A small subset of cases had mild neutrophilia, suggesting that a catecholamine stress response may be a differential diagnosis in some cats. Only 2 of the B‐cell cases in this cohort were diagnosed with lymphoma and both were renal‐based. Renal disease, hyperthyroidism, inflammatory bowel disease, and pancreatitis also were reported sporadically in the other immunophenotypes.

3.4. Outcome and survival analysis {#jvim15650-sec-0021}
----------------------------------

Overall survival from the time of flow diagnosis was examined for all cases in the outcome cohort. Low CD5 expression predicted poor outcome, with CD5 low T‐cell cases having a median survival time (MST) of 27.5 days (range, 2‐940 days; n = 12 cases), which was significantly shorter than heterogeneous, B‐cell, CD8+ T‐cell, and CD4+ T‐cell cases (*P* \< .01 for all comparisons; Figure [5](#jvim15650-fig-0005){ref-type="fig"}). Within the CD5 low T‐cell group, surface expression of CD4 or CD8 did not predict outcome. The DN T‐cell cases (MST, 271 days; range, 7‐611 days; n = 7 cases) had significantly shorter survival compared to heterogeneous (*P* = .01), CD8+ T‐cell (*P* = .04), and CD4+ T‐cell (*P* = .03) cases. The B‐cell cases (MST not reached; n = 15 cases) and heterogeneous cases (MST, 986 days; range, 2‐1425 days; n = 17 cases) had prolonged survival. The CD4+ T‐cell cases had prolonged survival (MST, 752 days; range, 8‐1536 days; n = 37 cases), which was not significantly different from heterogeneous or B‐cell cases. The CD8+ T‐cell cases had a MST of 1217 days (range, 406‐1217 days), but this group only contained 5 cats and 3 of 5 were lost to follow‐up whereas 1 cat died of complications associated with diabetes mellitus. We performed a sensitivity analysis to determine if using the first date of lymphocytosis rather than the date of flow cytometry diagnosis altered our results; our conclusions did not change, except that an MST was now achieved for the B‐cell group (1196 days), and DN T‐cell cases had significantly shorter survival than did the B‐cell cases (*P* = .05).

![Kaplan‐Meier curves showing overall survival in cats with lymphocytosis of different phenotypes. Adjusting for multiple comparisons, CD5 low T‐cell cases (MST = 27.5 days) had significantly shorter survival than heterogeneous, B‐cell and CD4+ T‐cell cases. DN T‐cell cases (MST = 271 days) had significantly shorter survival than heterogeneous and CD4+ T‐cell cases. CD4+ T‐cell cases (MST = 752 days) and heterogeneous cases (MST = 986 days) had prolonged survival and the MST for B‐cell cases was not reached. DN, double negative](JVIM-34-105-g005){#jvim15650-fig-0005}

Factors were assessed for association with survival in the CD4+ T‐cell group because of the size of this cohort and are summarized in Table [2](#jvim15650-tbl-0002){ref-type="table"}. Sex, abdominal lymph node or intestinal abnormalities or both, and treatment were significantly associated with survival. Female cats (MST, 344 days) had worse outcome compared to males (MST, 1369 days; *P* = .02). There was no difference in survival between patients receiving corticosteroid alone (n = 6) versus corticosteroid and chlorambucil (n = 17), and so these patients were combined in the PO treatment group. Patients receiving combination treatment (MST, 256 days) had shorter survival than did those that received PO treatment alone (MST, 791 days) or no treatment (MST not reached; *P* = .02). The CD4+ T‐cell patients with abdominal lymphadenopathy, intestinal abnormalities, or both had inferior outcome (MST, 471 days) compared to patients without abnormalities detected (MST, 1369 days; *P* = .004).

###### 

Log‐rank test results evaluating potential prognostic factors among CD4+ T‐cell cases

  Factor (No. of cases)                                       MST (days)   95% CI    *P*
  ----------------------------------------------------------- ------------ --------- ----------------------------------------------
  Age                                                                                
  \<12 years (n = 16)                                         1114         471‐NA    .23
  ≥12 years (n = 21)                                          439          178‐NA    
  Sex                                                                                
  Female (n = 20)                                             344          256‐NA    .02[a](#jvim15650-note-0005){ref-type="fn"}
  Male (n = 17)                                               1369         471‐NA    
  Lymphocyte count                                                                   
  \<28 800/μL (n = 18)                                        980          302‐NA    .64
  ≥28 800/μL (n = 19)                                         567          401‐NA    
  Anemia                                                                             
  HCT \<28 (n = 10)                                           612          126‐NA    .15
  HCT ≥28 (n = 26)                                            752          401‐NA    
  CD4+ T‐cell size[b](#jvim15650-note-0006){ref-type="fn"}                           
  Small \<413 (n = 18)                                        663          308‐NA    .55
  Large ≥413 (n = 18)                                         752          344‐NA    
  Hepatosplenic abnormalities                                                        
  Absent (n = 16)                                             1114         663‐NA    .09
  Present (n = 14)                                            344          126‐NA    
  Abdominal lymphadenopathy and/or intestinal abnormalities                          
  Absent (n = 9)                                              1369         1200‐NA   .004[a](#jvim15650-note-0005){ref-type="fn"}
  Present (n = 20)                                            471          401‐NA    
  Treatment[c](#jvim15650-note-0007){ref-type="fn"}                                  
  None (n = 3)                                                NA           22‐NA     .02[a](#jvim15650-note-0005){ref-type="fn"}
  PO (n = 23)                                                 791          663‐NA    
  Injectable/multi‐agent (n = 11)                             256          126‐NA    

Abbreviations: CI, confidence interval; HCT, hematocrit; MST, median survival time; NA, not achieved.

*P*‐value considered statistically different (*P* \< .05). Survival times between the groups were tested by log‐rank test.

Relative CD4+ T‐cell size was determined by geometric mean linear forward scatter. The median size across cases (413) was chosen as a cutoff value to discriminate between small and large cells.

None: no steroid or chemotherapy treatment given; PO: includes treatment with corticosteroid and/or chlorambucil; Injectable/multi‐agent: includes treatment with single‐agent injectable or multi‐agent chemotherapy protocols.

3.5. Concordance with a larger population {#jvim15650-sec-0022}
-----------------------------------------

A concordance cohort of 350 patients was examined to determine whether the composition of the outcome cohort of 94 patients was representative of a larger population. Phenotype distribution, age, and hematologic variables were compared between cohorts. In the large concordance cohort, CD4+ T cell was the most common phenotype (34%, n = 118), followed by heterogeneous (23%, n = 82), B cell (19%, n = 67), CD5 low T cell (13%, n = 47), DN T cell (10%, n = 34), and CD8+ T cell (1%, n = 2; Figure [6](#jvim15650-fig-0006){ref-type="fig"}). Within the CD5 low T‐cell cases, 55% expressed CD4, 9% expressed CD8, and 36% expressed neither CD4 nor CD8 antigens. When the CD8+ T‐cell phenotype was removed because of the small number of cases, the distribution of phenotypes was not significantly different between the outcome cohort and concordance cohort. The age and sex of patients within each group was not significantly different between the 2 cohorts. The presenting lymphocyte count was higher in the outcome cohort compared to the concordance cohort for DN T‐cell cases only (*P* = .007). Anemia was more common among CD4+ T‐cell cases in the outcome cohort (28% cases affected) compared to the concordance cohort (9% cases affected; *P* = .01), but anemia incidence was not significantly different for other phenotype groups. These findings suggest that the outcome cohort of 94 cats is representative of a larger population.

![Flow phenotype distribution for the outcome cohort (A) and concordance cohort (B) cats. The distribution of flow phenotypes is presented for all cats in the outcome cohort (n = 94) and the large concordance cohort (n = 350). There were no significant differences between groups, except for the rare CD8+ T‐cell phenotype. The CD4+ T‐cell phenotype was most common in both cohorts, followed by heterogeneous and B‐cell phenotypes. One CD4+CD8+ (DP) T‐cell case was seen in the outcome cohort only. DN, double negative](JVIM-34-105-g006){#jvim15650-fig-0006}

4. DISCUSSION {#jvim15650-sec-0023}
=============

Our study suggests that non‐neoplastic lymphocytosis is common in cats. Among neoplastic lymphocytosis cases, 3 major T‐cell phenotypes were identified by flow cytometry, and they had different survival times.

Our findings support the hypothesis that cats frequently develop non‐neoplastic lymphocytosis. Both the heterogeneous and B‐cell phenotypes appeared most consistent with non‐neoplastic processes. The major evidence for a non‐neoplastic process in these cases was (i) predominantly polyclonal TRG and IG genes, (ii) younger age at diagnosis, (iii) lower presenting lymphocyte counts, and (iv) prolonged survival. Together, these 2 phenotypes accounted for 42% of the cases in the larger cohort of 350 cats. Expansions of multiple lymphocyte subsets are not typical of true lymphoid neoplasms, and thus it is not surprising that the majority of heterogeneous cases (71%) had polyclonal PARR results. However, it was surprising to see the extent to which cats can have a sole expansion of polyclonal B cells. A relatively pure expansion of 1 subset typically is suggestive of a neoplastic process, but most (89%) of the B‐cell cases were polyclonal and only 2 of these cases had clonal IG rearrangements. We recently have demonstrated that the PARR assay used in our laboratory is 87% sensitive for detecting clonal B‐cell populations. The paucity of clonal IG rearrangements suggests that neoplastic B‐cell lymphocytosis is rare in cats, which corroborates the findings of a previous study.[20](#jvim15650-bib-0020){ref-type="ref"}

Many cats with B‐cell or heterogeneous lymphocyte expansions in the outcome cohort had a variety of infectious and inflammatory diseases. The magnitude of the lymphocytosis was striking, in some cases reaching 28 000 lymphocytes/μL. Evidence from experimental Cytauxzoon and Aleurostrongylus infections corroborate these findings where lymphocyte counts up to 31 630 and 36 600 lymphocytes/μL, respectively, were reported.[1](#jvim15650-bib-0001){ref-type="ref"}, [3](#jvim15650-bib-0003){ref-type="ref"} Infections diagnosed in our study cases at the time of flow cytometry diagnosis included *C felis*, FeLV, and cryptococcosis. Three cases (2 heterogeneous, 1 B cell) had apparent immune‐mediated destruction of erythrocytes; these patients were mycoplasma‐negative and the anemia responded to immunosuppression. Interestingly, these cats often maintained the lymphocytosis even while receiving corticosteroids. A review of the literature indicates that, across multiple studies, lymphocytosis has been reported in 15%‐52% of cases of primary IMHA in cats.[10](#jvim15650-bib-0010){ref-type="ref"}, [11](#jvim15650-bib-0011){ref-type="ref"}, [12](#jvim15650-bib-0012){ref-type="ref"}, [13](#jvim15650-bib-0013){ref-type="ref"}, [14](#jvim15650-bib-0014){ref-type="ref"} Lymphocyte counts reaching 20 280 cells/μL have been reported and the 1 case with immunophenotyping had a B‐cell lymphocytosis.[12](#jvim15650-bib-0012){ref-type="ref"} Three cases of IMHA in cats having a mean peripheral lymphocyte count of 14 879 lymphocytes/μL, and increased B cells in the bone marrow were reported. [13](#jvim15650-bib-0013){ref-type="ref"} Other conditions identified in cats with B‐cell or heterogeneous expansions in our study included urinary disease, pancreatitis, hyperthyroidism, asthma or other allergic disease, and inflammatory bowel disease.

The propensity for cats to develop non‐neoplastic lymphocytosis created a diagnostic dilemma in some cats with true clonal expansions of T cells. In the definition cohort of 146 cats, 31 cats had expansions of both B cells and CD4+ T cells, and 12 of these 31 cats had clonal TRG rearrangements. We attempted to account for the potential for a non‐neoplastic B‐cell lymphocytosis to accompany a primary clonal T‐cell process by using the ratio of CD4+ T cells:B cells in peripheral blood. Based on our PARR findings, a cutoff of 4:1 helps with this discrimination yet is still imperfect. All cats with a CD4+ T‐cell:B‐cell ratio \> 4 (5/5) had clonal TRG rearrangements, whereas 27% of cats with a ratio \< 4 (7/26) that were classified as heterogeneous expansions had clonal TRG rearrangements. We felt a conservative cutoff threshold would minimize false‐positive interpretations of neoplasia in a clinical setting. These data suggest that even with an underlying T‐cell neoplasm, cats can mount a secondary non‐neoplastic B‐cell lymphocytosis, and PARR is strongly recommended in these cases to ultimately confirm clonality.

The most common phenotype in our study, CD4+ T‐cell lymphocytosis, had an indolent clinical course consistent with previous reports.[20](#jvim15650-bib-0020){ref-type="ref"}, [30](#jvim15650-bib-0030){ref-type="ref"} We found that treatment type, intra‐abdominal organ involvement, and sex influenced survival in CD4+ T‐cell cases. The effect of treatment on survival is difficult to assess in a retrospective analysis, because treatment decisions can be influenced by the severity of the presenting illness or the owners\' willingness to pursue treatment. The apparent shorter survival in the injectable/multi‐agent chemotherapy group may simply reflect that these cats presented with more advanced disease, or adverse effects associated with a more intensive treatment protocol may have decreased quality of life and potentially led to death or euthanasia. Alternatively, it is possible that the mechanism of action for chlorambucil is more efficacious in treating CD4+ T‐cell lymphocytosis than is a multi‐drug protocol, as has been suggested for slowly dividing well‐differentiated tumors such as low‐grade alimentary lymphoma in cats.[31](#jvim15650-bib-0031){ref-type="ref"}, [32](#jvim15650-bib-0032){ref-type="ref"} The overall survival of 791 days in cats treated with corticosteroid, chlorambucil, or both suggests this regimen is an appropriate treatment for many cats with CD4+ T‐cell lymphocytosis. Although we did not detect a survival difference between cats treated with corticosteroid alone versus corticosteroid and chlorambucil, very few cats were treated with corticosteroid alone. Determination of optimal treatment protocols would require larger, prospective studies. Detectable abdominal lymphadenopathy or intestinal abnormalities or both were associated with shorter survival time in cats with CD4+ T‐cell lymphocytosis, which may represent a more advanced stage of disease or a different disease process. Female CD4+ T‐cell had shortened survival compared to males. A retrospective study of gastric lymphoma in cats found that females had shorter survival compared to males,[33](#jvim15650-bib-0033){ref-type="ref"} suggesting sex may be prognostic in certain lymphoproliferative disorders of cats. Age, anemia, presenting lymphocyte count, and cell size appear to influence outcome in some forms of lymphoma or leukemia in dogs,[34](#jvim15650-bib-0034){ref-type="ref"}, [35](#jvim15650-bib-0035){ref-type="ref"}, [36](#jvim15650-bib-0036){ref-type="ref"} but were not associated with survival in CD4+ T‐cell lymphocytosis of cats. Limitations of this outcome study include its retrospective design, duration of time from case management to data collection, and incomplete staging for some cases.

The proportion of cats in our study with intestinal involvement was notable. Forty to 57% of heterogeneous, CD4+ T‐cell, DN T‐cell, and CD5 low T‐cell cases had intestinal abnormalities detected by palpation or imaging. Among cases with intestinal histopathology performed, 1 heterogeneous case was diagnosed as inflammatory bowel disease and 3 CD4+ T‐cell cases were diagnosed as intestinal lymphoma. These findings suggest that cats with intestinal abnormalities and concurrent lymphocytosis may have non‐neoplastic or neoplastic intestinal diseases. One study describing both intestinal lymphoma and chronic enteritis also reported increased lymphocyte counts in cats from both categories.[22](#jvim15650-bib-0022){ref-type="ref"} In our study, 12 cats with CD4+ T‐cell lymphocytosis in the outcome cohort had both clinical signs and ultrasonographic evidence of gastrointestinal disease at the time of diagnosis. Interestingly, another study documented mesenteric lymphadenopathy in 9 of 13 and intestinal thickening in 3 of 13 cats included in a group of cats with clinically defined CLL and a predominant CD4+ T‐cell phenotype.[20](#jvim15650-bib-0020){ref-type="ref"} Additionally, 2 cats were described as having concurrent low‐grade intestinal lymphoma.[20](#jvim15650-bib-0020){ref-type="ref"} Although it currently is unknown if cases of low‐grade alimentary lymphoma in cats typically are comprised of CD4+ T cells, our limited histology data suggest that some of our CD4+ T‐cell lymphocytosis cases had an intestinal tissue component.

Our results indicate that cats presenting with aberrant phenotypes, in this case increased DN T cells or low CD5 expression, had significantly shorter survival times, but the number of cases was small. The MST of 27.5 days in the CD5 low T‐cell group was particularly notable. Interestingly, in a study of LGL lymphoma with peripheral lymphocytosis, 15 of 21 cases were described as CD5− and had variable expression of CD8 and CD4 antigens.[26](#jvim15650-bib-0026){ref-type="ref"} Compiling the 63 CD5 low T‐cell cases from all 3 of our cohorts, 51% expressed CD4, 38% were DN, and 11% expressed CD8. With only 12 CD5 low T‐cell cases in the outcome cohort, we did not detect differences in clinical presentation or outcome based on CD4 or CD8 expression, and all CD5 low cases were grouped together. However, a future study with larger numbers of cases may determine that the CD5 low T‐cell group encompasses a mixture of neoplasms.

A notable feature of our case series is the relative extent to which the DN T‐cell population can expand in cats with both neoplastic and non‐neoplastic conditions. Using the antibodies in our flow cytometry panel, we routinely can detect small numbers of circulating CD5+CD4/8− cells in normal cats (up to 1000 cells/μL). Because the simple presence of this phenotype could not be used to classify a sample as neoplastic, we utilized the definition cohort to delineate a cutoff of \>50% DN T cells. Similar to the ratio of CD4+ T cells:B cells, this cutoff was chosen to conservatively classify cases as neoplastic. Polymerase chain reaction for antigen receptor rearrangements remains a necessary clinical follow‐up test in any cat with substantially expanded DN T cells. In a small number of PARR‐negative B‐cell and heterogeneous cases, DN cells accounted for as many as 49% of all T cells, although the absolute numbers of DN T cells remained relatively modest, demonstrating the extent to which the proportion of non‐neoplastic DN T cells may be expanded. Neoplastic changes resulting in the loss of surface molecule expression are relatively common in lymphomas and leukemias,[37](#jvim15650-bib-0037){ref-type="ref"} but the origin of this DN population in non‐neoplastic states is less clear. We frequently identify a small population of CD8 low T cells in cat blood as has been reported by others,[38](#jvim15650-bib-0038){ref-type="ref"}, [39](#jvim15650-bib-0039){ref-type="ref"}, [40](#jvim15650-bib-0040){ref-type="ref"} but after accounting for these, a true DN T‐cell population still is detected. One possibility for a lymphocyte expressing CD5 or CD3 but lacking CD4/CD8 expression would be γδT cells. In cows, sheep, and pigs, γδT cells can comprise the majority of peripheral blood mononuclear cells (PBMC) in young animals and typically decrease to 8%‐18% and 15%‐35% of adult bovine and porcine PBMC, respectively.[41](#jvim15650-bib-0041){ref-type="ref"}, [42](#jvim15650-bib-0042){ref-type="ref"}, [43](#jvim15650-bib-0043){ref-type="ref"}, [44](#jvim15650-bib-0044){ref-type="ref"} Such γδT cells have not been specifically identified in cats and detailed descriptions of feline DN T‐cells are lacking, although many studies have not included pan‐T‐cell markers when analyzing CD4+ and CD8+ T‐cell subsets. More detailed analysis of this feline lymphocyte subset is warranted to determine its origin.

In summary, our study highlights some of the challenges in characterizing lymphocytosis in cats, especially given the propensity for dual expansions of lymphocyte subsets. Although flow cytometry alone was diagnostic in many cases, a subset still required PARR to distinguish a non‐neoplastic from neoplastic process. We found that cats frequently have heterogeneous lymphocyte and sole B‐cell expansions in the blood, which are predominantly non‐neoplastic in nature. Among the neoplastic phenotypes identified, CD4+ T‐cell, DN T‐cell, and CD5 low T‐cell cases had prolonged, intermediate, and short MSTs, respectively. Flow cytometry is a useful tool to differentiate these T‐cell phenotypes with highly variable clinical courses.
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